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HIGH DENSITY AREA ARRAY SOLDER MICROJOINING 
INTERCONNECT STRUCTURE AND FABRICATION METHOD 



5 FIELD OF THE INVENTION 



- • ,„ the field of microelectronics, and more particularly to the field of 
™. — pertam o .* fie U o ^ ^ ^ ^ ^ , $ 

fabricating and interconnecting extremely smd 



10 



"chips." 

RELATED INVENTIONS 



• t on is related to certain inventions assigned to the ass lg nee of the present 
The present invention -elat d to YOR9 20010249US1 and 

invention. These are disclosed in co-pending PP 
15 YOR920010217US1. 

BACKGROUND OF THE INVENTION 

, • f on in the silicon transistor technology over the last two decades 
Increased levels of integration in the silicon 

20 have facilitated the migration from large scale - ■ for 

computing, communication and micro controlle pp ^ ^ ^ 

on-a-chip (SOC) approach. 
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due to several reasons. First, the materials, fabrication processes and feature sizes optimum for the 
different microelectronic devices (such as memory chips, logic chips, wireless communication 
chips, etc.) are quite different from each other. Combining them all onto the same chip implies 
making compromises that can limit the performance achievable in each of the device blocks in the 
5 SOC. Second, integration of a large number of functional blocks requires a large chip size with 
many levels of wiring constructed on the chip. Both these factors tend to reduce the yield and 
increase the cost per chip, which is undesirable. Third, one has to design and build every unique 
combination of functions (e.g., memory and microprocessor, wireless communication and 
microprocessor, etc.) leading to a large variety of chip part numbers and product mix that is not 
10 conducive to low cost manufacturing. Last, the expertise required for combining a diverse set of 
materials, process and integration schemes on a single SOC is often not available in a single 
enterprise as these are currently part of different microelectronic businesses. 

An attractive alternative to SOC is system-on-a- P ackage or SOP wherein a number of chips, 
15 each optimized for its unique function and perhaps manufactured in different factories specially 
tailored to produce the specific chips, are combined on a first level packaging earner that 
interconnects them and allows the resulting package to function as a single system. The level of 
interconnection and input-output- (I/O) density required in such a package is expected to be far 
greater than those currently available in printed circuit board or multilayer ceramic technologies. 
20 Since this SOP carrier with chips assembled on it is expected to replace an SOC, it is reasonable to 
expect that the interconnect and I/O densities should be somewhere between those used in the far 
back end of the line (FBEOL) interconnect levels on chips (typically wiring and vias on 500nm to 
lOOOnm pitch) and the most aggressive packaging substrates (typically vias and wiring on 10,000 
to 20 OOOnm pitch). Extension of the FBEOL processes at the required wiring size and pitch for 
2 5 the SOP carrier is feasible if the carrier itself is made of silicon. In addition, however, the earner 
would be required to support a high I/O density in order to interconnect the various dev.ee chips 
mounted on it. Greater the granularity of the system, that is, finer the division of the system mto 
sub-units or chips, greater will be the number of I/Os required. It is expected that such I/O 
densities will necessitate bonding pads that are on the order of 5 to lOum size and spaces wmch are 
30 presently outside the realm of possibility of typical packaging I/O pads which are at least 10 to 20 
times coarser in size and spacing. 
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is therefore highly stable to enable a microjoining sttuCure to interconnect several 
chi ps ol I! ieJn-^age carHer to achteve signiflcandy higher inp«/o U tpu, densrty 
between the chips as compared to the current state-of-the-art. 

Accordingly, a primary objec, of the present invention is to mate possible nltra Wgh den* 
„f interconnections facilitating the nse in ultra large scale integrated crcurt ch.ps (log, 
I! ocessor, memory, ne,work switching, Curren, flip chip solder « can ach, 
„„, y Lu, 75pm pads on ,50pm centers. Our method is capab,e of aerra, denies up to ,000 
Z or more this ,eve,. This is made poss,b,e by rhe uni q ue process flow that does no, re„u,re 

th ese device chips a, the back end of rhe Hue (BEOL) interconnection level 

SUMMARY OF THE INVENTION 

A structure is proposed, comprising a fine P ,,ch (down ,0 about 2.5pm pads on 5pm 
centers, array of inrerconnects berween a device componen, (semicondue.or chip op„ca, ev, 
u 1 Jr. discre,e or .„,egra,ed passive component, and the like) also referre^ ,„ as a ch, e 

-0 organic substrate but most preieraoiy nwu taction 
density The joining metallurgy on Ore device side comprises an adhes,on layer, sold r J«o 

layer - a (usible solder join, ha,,. On ,he easier side One ntaKhmg co„,c, pad are 
^onlfly made ,arger ,he ones on ,e device side and — * 

25 contact pads can be part of the top levei ui 
integrated on the carrier if so desired. 

Tbe foregoing and still norther object and advances of Ore presen, invention wiU be more 
^SZZ foU dcailed elation of ,he preferred embodiment of ,he mvenPon ,n 
30 connection with the accompanying drawing. 
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BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 isasectional view of a device chiplet after the deposition of TaN-Ta, Cu, Ni, and 
joining metal 

Figure 2 is a sectional view of the carrier wafer after the deposition of TaN-Ta, Cu, Ni, and 
noble metal. 

Figure 3 is a sectional view of to completed earrier (top) ready for joining to the completed 
1 0 device chiplet (bottom). 

DESCRIPTION OF PREFERRED EMBODIMENT 

Referring now ,0 the Figures of the Drawing, the details of the preferred method for 
IS fabricating and assembling the interconnections are now described, firs,, with respec, to a devtee 
chiplet 10: 

Chi pjet Process : 
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Referring now to the Figures of the drawing, the chip.e. process begins with fabricating the 
dim device chiple, wafer 12 through the semiconductor device and bottom wiring .ayera 13 and 
■ta top tnetal wiring .eve. .4, application of the fina. passivation die.ectric stack 16 and the 
opening of the terminal pad vias (TV) ,9. The TV via openings 19 can be as smal. as 2.5 mtcrons 
LI and the passivation layer is about , micron or >ess in thickness. Then the oUowtng sfcps 
are carried out: Deposit by spurring or other vacuum deposition methods a Uner layer 15, whtch 
typically comprises about 400A tantalum nitride (TaN) and <00A Tanta.um(Ta) and a seed a^ 
H comprising about ,OO0A or more of vacuum deposited copper. Outer Uner ma,ena.s ha, - 
allude Ti, TiN, W, WN and Cr among others. The wafer is ton suited ,0 chermc^ 
meehaniea. po.ishing (CMP) so as to polish to copper horn to top surface of to wafer s, pp ng 
on to Ta surface. This results in a structure as shown in Figure 1 wherein to copper seed 7 
preserved only a, the bottom and to side waUs of to TV openings 19. Eleotrophtte a bamer layer 
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20 which can be Ni, Co, Pt, Pd and the like of about 5000A thickness followed by a joining metal 
layer 22, which is a fusible solder such as 97% Pb 3% Sn alloy, Au-Sn alloys or other solders 
depending upon the application and solder hierarchy desired. Pb free solders based on Sn and its 
alloys are also possible for layer 22. The solder layer thickness can be chosen to be between 2 
microns to 100 microns depending on the solder alloy and the application need. The key feature to 
note is that layers 20 and 22 plate up only on the Cu present in the TV openings 19 and not on the 
liner layer 15 present on the top of the wafer. The liner layer 15 serves simply as an electrode to 
carry the plating current in the process. Layer 15 is subsequently removed by dry plasma or wet 
chemical etching from the chiplet top surface regions between the contact pads leaving behind a 
residual TaN Ta layer 15', only in the TV via bottom and side walls of the chiplet pad structure as 
shown in Figure 3 (bottom). 



15 



20 



25 



30 



Carrier Process (for a Silicon Carrier): 

This process provides the mating connection to the solder microjoints fabricated on the 
chiplets The carrier wafers 30 are fabricated through the final interconnect wiring 34, deposition 
of final passivation stack 36 and the opening of TV vias 38. The TV V1 as on the carrier will be 
larger in dimension than the nominal dimension of the microjoint solder pads on the chiplet to 
ensure that the microjoints can be comfortably located into the carrier via receptacles. 

The subsequent process flow for the carrier wafers has the following steps: Deposit by 
sputtering or other vacuum deposition methods a liner layer 39, which typically comprises about 
400A tantalum nitride (TaN) and 400A Tantalum (Ta) and a seed layer 40, comprising about 
1000A of vacuum deposited copper. The wafer is then subjected to chemical-mechanical polishing 
(CMP) so as to polish the copper from the top surface of the wafer stopping on the Ta surface. 
This results in a structure on the carrier as shown in Figure 2 wherein the copper seed 40, is 
preserved only at the bottom and the side walls of the TV openings 38. Electroplate a barrier layer 
41 which can be Ni, Co, Pt, Pd and the like of about 5000A thickness followed by a noble metal 
layer 42 which is preferably gold in the thickness range of 1000 to 10,000A. The key feature to 
note is that layers 41 and 42 plate up only on the Cu present in the TV openings 38, and not on the 
liner layer present on the top surface of the carrier wafer. The liner layer 39, serves simply as an 



5 



YOR920010216US1 

electrode to carry .he plating current in the process. Layer 39 is subsequent* removed by dry 
plasma or we. chemical etching from Ore top surface regions between the pads leaving behmd a 
residual TaN Ta layer 39, only in Ore TV via bottom and side walls of the carrier pad structure as 
shown in Figure 3 (top). Other methods for applying the barrier layer 41 and noble me.nl layer 42 
5 include e.ectroless deposition. Electrons deposition of Ni, Co, Pd as well as noble metal Au .s 
known in .he ar« and can be used instead of elec.ropla.ing. Electroless Au plating and immers.on 
Au are particularly suilable if thin Au (abou. 800 to 1200A) is deemed sufficient. The resulttng 
feature on the earner is recepracle 44 for receiving microjoints fabricated on the duplet. 

1 0 Assembly Process (and the resulting final structure): 

The assembly involves pick and place of .he duplets in a manner similar to the regular flip 
chip assembly (split opfics and/or capacitance aligned) and subjected to reflow joimng. A 
hydrogen reflow without flux may be preferred since the gap between the chiple, and the earner 
1 5 may be too small for efficient flux cleaning. 

„ will now have become apparent tha, further key advantages of the disclosed invention 
over .he prior art are as follows: The microjoining scheme allows area array mounttng of very 
small devices such as lasers, microsensors, or actuators. These devices can be as small as 100pm x 

20 100pm or less and are too small to be mounted with standard flip chip contacts. The use of PbSn 
solders allows reworkable connections for device chip replacemen. for upgrade or repau. The 
devices with these micrejoining solder pads can be rested, burned in and sorted for known good 
devices using the temporary device attach structure described in our retared app hcatton 
YOR920010249US1 . Thus, obtaining known good die is not an issue despite the fine p.tch of the 

25 interconnects. 

The invention having been thus described with particular reference to the preferred forms 
.hereof i, will be obvious ma. various changes and modifications may be made .herein wrthout 
departing from .he spirit and scope of .he invention as defined in the appended chums. 
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